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• Improve profit 

• Maintain or improve yields 

• Improve disease control 

• Improve water use efficiency  

• Protect rivers and marine environments 
from flow of nutrients (N,P) and pesticides 

• Maintain good soil structure and prevent 
erosion 

• Maintain biodiversity 

• To be good stewards of the land 

• Reduce labour costs 

• Reduce pesticides  

• Avoid erosion 

• Avoid salinity 

• Improve image 

• Improve wine quality? 

 

 
 

Why is Soil Health/Quality Important to the National 
Agricultural Industries? 
 

To Ensure Consistency? 



Key Outcome  Priority 

Score 

Productivity, 

yields 

3 

Wine quality 3 

Water Use 2 

Organic Carbon 2 

Soil structure 2 

Education 2 

Land Stewardship 1 

Productivity/yield Wine quality 

Why would you want to improve soil health/quality on 
your property? 



Do soil quality characteristics 
influence wine quality? 



Do soil quality characteristics 
influence wine quality? 

A. No 

B. Yes 

No
Yes

93%

7%



Can we change soil characteristics to 
improve wine quality? 



Can we change soil characteristics to 
improve wine quality? 

A. No  

B. Yes 

No 
Yes

98%

2%



Do you Presently Use Soil Tests? 

A. No 

B. Yes 

No
Yes

73%

27%



Was the Soil Test Useful? 

A. No 

B. Not really 

C. Yes 

No

Not r
eally Yes

2%

83%

15%



What was Most Useful Information 
from the Test? 

A. It managed my fertilizer use 

B. It identified a soil quality 
constraint 

C. It provided benchmark values 
for my property 

D. It provided evidence of 
improvement in my soils 

E. Other 
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GWRDC: Setting Benchmarks and Recommendations for 
Management of Soil health in Australian Viticulture  
Aims: 
 

 To identify a minimum set of indicator tests to 
measure biological, physical and chemical 
changes in soil 

  To benchmark different management systems 
and regions 

  Develop fact sheets which link indicators tests, 
grower management and vine performance? 

  Link results with grower management and 
Entwine requirements, etc. 



Industry 

Outcomes 

Management 

practices 
Soil 

functions 

Soil 

indicators 

Improved  

profit 

Reduced 

inputs  

Reduced  

environmental 

impact 

Improved  

quality 

Pesticide 

usage 

Sustainable  

production 

Nutrient 

inputs 

Crop load 

Vineyard  

floor  

systems 

Controlled 

traffic 

Organic 

amendments 

Irrigation 

systems 

Nutrient supply  

suppression  

of pests, 

diseases 

Supply and  

recycling 

of nutrients 

Soil  

structural  

stability 

ESP 

Dispersion 

CEC 

pH 

Biomass 

Hardness 

Labile C 



Cornell University Soil Health Test Report:  
Uses huge database to benchmark information and 
farms 

 

Soil Indicator     Soil Process (Function) 

 
Soil Texture and Stone Content  all 

Aggregate Stability    aeration, infiltration, shallow rooting, crusting 
Available Water Capacity   plant-available water retention 

Soil Strength (penetrometer)   rooting  
 

Organic Matter Content   energy/C storage, water and nutrient retention 
Active Carbon Content   organic material to support biological functions 

Potentially Mineralizable Nitrogen  ability to supply N 
Root Rot Rating     soil-borne pest pressure 

 
pH       toxicity, nutrient availability  

Extractable P     P availability, environmental loss potential 
Extractable K     K availability 

Minor Element Contents   micronutrient availability, elemental imbalances, 
        toxicity 



What has been done so far? 
 1. Two industry workshops to select a set of standardized indicators for soil quality. 

2. Sampling of  approx. 600 sites across 200 properties in 4 regions (McLaren 

Vale, Barossa, Yarra Valley and Sunraysia) – undervine, mid row and native 

sites, using the standardized set of indicators to determine biological, chemical 

and physical parameters of soil quality. 

3. Development of individualized grower booklets which have benchmarked 

grower sites with the regional average and started identifying regional 

constraints. 

4. Conducted two major field trials which have demonstrated the successful use of 

the indicator tests of soil to assist management of a constraint and the resultant 

benefit the industry 
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Biological indicators 

• Soil microbial biomass:  
• living component of soil organic matter excluding 

roots and macrofauna 

• Measure of the microbial population density 

• Potentially mineralizable nitrogen (PMN): 
• amount of nitrogen converted to a plant-available 

form by soil microbes 

• measure of soil biological activity   

• Labile Carbon/DOC: 
• Organic matter fraction available as food source 

for soil microorganisms 

• Measured by colour change reaction 



Importance of Biology 

Decomposing residue Rhizosphere Macroaggregates 

photo courtesy G.Vadakattu 

photo courtesy D. Crowley 

photo courtesy D. Crowley 

photo courtesy G.Vadakattu 



1. Aggregate stability  

• Aggregates (peds) may collapse (slaking/dispersion) when water is added 

 
• Results in hard setting surface crusts and /or impermeable sub-soil layers, adversely 

affecting: 
– Air and water movement 
– Aeration 
– Root penetration and seedling establishment 

Physical indicators 



Physical indicators 
• Air Dry Consistency (ADC) 

– Measure of the strength and coherence of a soil 

– Gives an indication of root impedance, workability and 
permeability 

Strength Class Description 

1 Loose No force required, separate particles such as loose sands 

2 Very weak Very small force, almost nil 

3 Weak Small but significant force 

4 Firm Moderate or firm force 

5 Very firm Strong force but within the power of the thumb and forefinger 

6 Strong Beyond the power of the thumb and forefinger. Crushes 

underfoot on a hard flat surface with small force 

7 Very strong Crushes underfoot on a hard flat surface with full body weight 

applied slowly 

8 Rigid Cannot be crushed underfoot by full body weight applied slowly 



Chemical indicators 
• pH: pH water, pHCaCl2 

 

• Optimum 5.5 – 8 (water) for grapevines 

• Influences nutrient availability, microbial activity 
 
 
 

 

 



Chemical Tests 

1. Exchangeable cations  Ca2+, Mg2+, K+, Na+ 

• +ve cations are held in the root zone on the -ve clay and 
organic matter particles (cation exchange capacity, CEC) 

• CEC = major controlling agent of soil structure stability, 
nutrient availability, pH, buffering capacity 

2.    ESP – Exchangable sodium percentage 

• Sodicity 

 

3. Total organic carbon and (Labile C, DOC) 

• Measure of total organic matter  

• Important to a wide array of soil functions 

• Associated with nutrients and microbes  

• Increases cation exchange capacity (CEC) 

• Maintains soil structure 
 
 
 

 

 
 
 

 

 



Minimum Data Set for Industry 

INDICATOR THRESHOLD VALUES FUNCTION/ISSUE 

BIOLOGICAL 

Microbial biomass, chloroform >300 ug/g Soil biological activity 

Potentially mineralizable nitrogen 

(PMN) 

8-18 mg N/g soil/week N supply capacity 

Labile carbon > 500 ppm Soil biological activity 

PHYSICAL 

Aggregate stability /dispersion 

(ASWAT) 

Good < 6 (0-16) Infiltration, aeration, rooting, 

erosion 

Aggregate stability /slaking No slaking, (0-3) Infiltration, aeration, rooting 

Air dry soil consistence  (ADC) <2 Rooting, compaction, erosion 

CHEMICAL 

pH 5.5 - 8 (water) Nutrient availability, plant growth 

EC < 1.4 dS/m Salinity 

Exchangeable cations (Ca, Mg, K, Na) 

 

Sum = effective cation exchange 

capacity (CEC) 

ESP = Na/CEC x 100% 

Ca  60-80% 

Mg 15-50% 

K    1-10% 

Na  <6% 

 

Buffering capacity, nutrient 

availability 

 

Na – sodicity, dispersion, soil 

structure 

Total organic carbon > 2% CEC, buffering capacity, microbe 

food source, energy storage, water 

holding capacity 

Chloride < 175 ppm Salinity 



Physical Parameters 

First year… to ensure tests gave a useful outcome 



Second and third years……. 

– Benchmark regions  

– Conduct trials & compare 
paired sites 

• Constraints 

– Begin industry focus groups 
to do their own sampling 
e.g. Mornington 



Sampling Sites 

2013 and 2014 



Benchmarking 2013 &2014 at 30 sites in 4 regions 
Barossa Valley; McLaren Vale, Murray Valley, Yarra Valley 

 



Standardised methodology 
• Same time, same place, same method 
• Approx 4 weeks after harvest 

• Undervine,  mid-row,  non-production 

• Single panel;   near dripper, approx 20 cm from trunks; centre of midrow 

• Surface: 0-15 cm, 5 pooled cores – biol, chem; undisturbed peds – phys. 

• Subsurface 35-45 cm, 3 pooled cores – chem; undisturbed peds – phys. 
 



20 cm 

dripper 

dripper 



Large Standardized Databases from 4 Key Regions – A first for industry! 



Individual property data 

collected which can be 

related to regional 

averages. 

 

i. Often identified 

constraints and 

issues needing to 

be managed 

ii. Lead to 

improvements in 

vineyard 

performance 

 



Soil characteristics of McLaren Vale region 



Inherent Soil Properties 



1. Individualized Grower Comparisons to the Regional Average 
 (undervine, midrow cf. undisturbed native sites) 

Site 1 

Site 2 



2. Impact of Viticultural Practices cf. Natural Conditions 
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Yarra Valley Surface Soils 
pH (water) 

undervine 

midrow 

non-viticultural 

Position Mean Range Ideal range 

Undervine 6.5 5.5 – 7.6 5.5 – 8.0 

Midrow 6.5 5.7 – 7.4 5.5 – 8.0 

Non-viticultural 5.5 5.0 – 6.4 

Production shift cf native in soil pH 
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3. Regional Comparison: Surface Soils pH (H2O) at 0-15cm 
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4. Identification of subsoil constraints: Exchangeable Sodium Percentage (ESP) (%) 

0 

2 

4 

6 

8 

10 

12 

14 

16 

N
u

m
b

e
r 

o
f 

si
te

s 

ESP (%) 

McLaren Vale  (0-15cm)   

undervine 
midrow 
native 

0 

5 

10 

15 

20 

25 

30 

0.4-1 1.01-2 2.01-6 6.01-10 10-15 > 15 

N
u

m
b

e
r 

o
f 

sa
m

p
le

s 

ESP (%) 

Yarra Valley (35-45cm)  

undervine 

midrow 

non-viticultural 

0 

5 

10 

15 

20 

25 

0.4-1 1.01-2 2.01-6 6.01-10 10-15 > 15 

N
u

m
b

e
r 

o
f 

sa
m

p
le

s 

ESP (%) 

Yarra Valley (0-15cm) 

undervine 

midrow 

non-viticultural 

Concern!! 



Site 1 

Site 2 

Site 1 

Site 2 

Site 1 

Site 2 

<175 ppm <6%ESP 

5. Identification of Potential Constraints/Problems 



Field trial and paired site results.  

Example of how to use soil tests to 

help manage a constraint 



Timing of Soil Tests Important  - Standardization required! 
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Thresholds  

- 175ppm Cl 

- <6% Exch. Na% 

 

Cl Threshold  



Soil Indicator set 

Yields 

Wine quality 

Project Outcomes to assist Management of a Constraint 

 

1. Indicators were able to predict extent of salinity 

2. Indicator tests correlated with yield/wine quality 

3. Simple economic models were developed to show benefit to 

grower/industry 



High Salt Moderate No Salt 

Cl (ppm) in soil (0-
15cm) 

1383 1355 178 

No harvested 82 87 134 

No dropped 9 10 0 

Yield (kgs) 4.48 5.68 13.92 

Cabernet 
Threshold <175 

ppm Cl is OK 



Treatment Undervine Mid row Native Undervine  Mid row Native 

Depth (cm) 0-15 0-15 0-15 35-45 35-45 35-45 

Low salt 178 39 90 99 78 69 

Mod salt 1355 273 492 303 

High salt 1383 1526 704 1319 

Regional 
Average 

28.5 23.7 36.4 26.3 19.6 20.3 

Salinity site (Cl in ppm): Undervine cf. Mid row cf. Native 

Threshold >175 ppm of concern for grapes 





• Management 

1. Drip irrigate with Ca thiosulphate, etc. 

2. Deep rip? 

3. Add gypsum or lime 

4. Deep- rip and add compost 

5. Mole drains with compost 

6. Add feather drains to get rid of salt 

Economic model 

Salinity trial as a case study (Cab Savignon) 

 

Outcome 

No 

Bunches/p

anel 

Yield/panel or 

bunch weight 

Be pH TA Loss Loss at 

700L/tonne 

&$8/bottle 

Loss at 

$2000/tonne 

Site 9 Good 134 13.92 3.50 7.22 - - 

Moderate 

(threshold) 

87 5.68 3.28 6.05 59.2% $4420/tonne $1180/tonne 

Bad 82 4.48 3.28 6.05 67.8% $5061/tonne $1356/tonne 

<$500-700/ha 

<$16,000/ha 





Parameter   Salt affected Feather drains 

Chlorine (ppm) 1010 10 

EC (ds/m) 0.86 0.15 

pH 7.1 7.4 

Ca 16.8% 14% 

ESP (Na) 12% 2.4% 

Effective use of soil tests 

and management to solve 

a salinity issue 



Paired Sites: Relating soil qualities 
to yield and wine quality 

Parameter  Threshold 

Baume  12-14.5 

pH 3.3-3.5 

Titratible acidity >6.5 

 

Outcome 

No 

Bunches/

panel 

Yield/panel or 

bunch weight 

Be pH TA 

Punt Road Good 155 17.04 11.90 3.50 7.22 

Bad 133 12.34 11.55 3.28 6.05 

De Bortoli 1 Good  250 12.9 3.37 6.1 

Bad 200 13.4 3.41 5.1 

De Bortoli 2 Good  230g 12.5 3.35 5.0 

Bad 140g 13.5 3.22 5.0 

Helens Hill High quality 128 8.58 13.4 3.64 4.9 

Low quality 178 12.64 13.0 3.73 4.4 



Module on the National Soil 

Quality Website 





1. Two refereed review papers in Grape and Wine Research 

2. 1 article in the ‘ANZ GW Magazine’ 

3. AWIT 2011 and 2013 – workshops. Interactive soil quality 
workshop conducted at the AWIT 2013 described as ‘Best 
Workshop Ever’ 

4. Twelve regional seminar sessions throughout the industry 

For those that want to read more!! 
 



Productivity/yield 

Wine quality 

• Full range of indicator tests 

• Remote sensing and yield 

mapping to soil qualities 

Benchmark and monitor a few specific 

traits of good areas of the vineyard and 

improve management for other areas! 

Conclusion: Collecting data and use of a standardized indicator 

test can lead to information which will assist the industry manage 

soil quality, crop yields and wine quality 



Definitely The End! 



How and what tests would you do to 

solve the problem? 

How would you interpret the data? 



Cultivated Biodynamic 

Covercrop 
Undervine 

Mulch 



Pre season 

soil 
Veraison 

sap 

Berry 

samples 
Wine juice Post 

harvest soil 

Petiole  

Tests at 

flowering/8

0% cap fall 

Range of Indicator Tests to assist to identify and overcome a 

constraint 



Thresholds in wine 
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The post harvest soil test correlated well with the sap, 

grape and berry juice samples at harvest. 
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Standardised methodology 
• Same time, same place, same method 
• Approx 4 weeks after harvest 

• Undervine, mid-row, non-production 

• Single panel; undervine: near dripper, approx 20 cm from trunks 

•   midrow: avoid machinery tracks 

• Surface: 0-15 cm, 5 pooled cores – biol, chem; undisturbed peds – phys. 

• Subsurface 35-45 cm, 3 pooled cores – chem; undisturbed peds – phys. 
 



20 cm 

dripper 

dripper 



If you have used soil tests, do you use them 
regularly? 

A. No 

B. Annually 

C. Once every 3 years 

D. Less frequently 

E. Other 
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1. The importance of soil quality/health 

2. The development of a standardized set of 

indicators and benchmarking regions 

3. What we have done and how to use the tests 

Outline of Presentation 


